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Tests  of  Railroad  Protective  Services  for  Winter  Shipments  of 
Maine  Potatoes 0    December  1952  to  February  1953 


The  protection  of  Aroostook  County ,  Maine,  potatoes  from  freezing  during 
shipment  in  the  winter  is  now  furnished  by  the  Maine  Potato  Shippers  Heater 
Service.    This  organization  was  formed  recently  by  the  Maine  Potato  Council  to 
take  over  the  service  formerly  provided  by  a  private  company,,    Heater  service  is 
obtained  by  a  shipper  through  the  purchase  of  a  "heater  tag8"  at  a  cost  of  $20  per 
car,  which  provides  Shippers8  Protective  Service  under  Rule  510  of  Perishable 
Protective  Tariff  No.  15  to  all  points  in  Official  Heater  Territory,  Part  II. 
Service  beyond  this  territory  may  be  obtained  at  the  discretion  and  expense  of 
the  orginating  shipper  in  accordance  with  the  rules  of  the  above  mentioned  Tariff. 
If  a  shipment  remains  in  the  New  England  territory,  a  rebate  of  $2.50  per  car  is 
made  to  the  shipper.    Service  is  furnished  directly  by  the  Heater  Service  organiza- 
tion at  Oakfield  and  K»  Maine  Jet.,  Mainev  Portland,  Boston,  Worcester,  Mechanic- 
ville  and  Harlem  River,  New  Yorko    Service  beyond  these  points  is  rendered  by 
the  railroads  in  accordance  with  Rul  510. 

A  number  of  problems  have  been  encountered  since  the  new  service  was  initiated, 
some  of  which  are  old  and  others  new,  and  include  paper  bag  breakage  in  transit, 
freezing  damage,  scuffing  of  bags  and  bruising  of  potatoes,  and  a  great  variety 
of  potato  loads  due  to  the  number  of  different  size  containers  used.  Therefore, 
the  Maine  potato  interests=~the  Maine  Agricultural  Experiment  Station,  the  Maine 
Potato  Council,  and  the  Bangor  and  Aroostook  Railroad— requested  the  Department 
to  study  the  whole  problem  of  winter  potato  shipments  from  this  area.  According- 
ly, the  study  was  initiated  in  December,  1952,  with  the  view  of  obtaining  compre- 
hensive information  on  the  performance  of  heater  and  car  equipment,  commodity  tem- 
peratures in  transit,  various  types  of  loading  methods,  and  the  cause  of  paper  bag 
breakage  through  wetting.    This  report  covers  the  first  year"  s  work  in  which  3 
transportation  tests  (accompanied  by  observers)  and  12  shipping  tests  (conditions 
recorded  at  origin  and  destination)  were  made« 

Plan  and  Procedure 

It  was  planned  to  run  three  transportation  tests  the  first  year,  one  to  the 
New  York  area  in  December,  one  to  Pittsburgh  in  January,  and  one  to  the  Detroit 
area  in  February.    In  this  way,  conditions  under  different  lengths  of  time  in 
transit  could  be  studiedo    The  first  two  tests  were  run  off  as  scheduled,  but  a 
very  weak  market  in  February  made  it  impossible  to  get  enough  loads  consigned  to 
the  Detroit  area  at  one  time  so  the  original  plan  was  abandoned  and  the  third 
test  was  made  to  New  York  instead.    The  tests  were  numbered  consecutively  with 
No.  1  in  December,  No.  2  in  January  and  NoD  3  in  February. 

In  test  No.  1,  a  comparison  of  fan  and  non-fan  cars  was  made  using  the 
regular  portable  charcoal  heaters  and  the  new  Preco  thermos tat icallv  controlled 
alcohol  heat  era  o    In  addition,  one  of  the  new  insulated  box  cars  owned  by  the 
Bangor  and  Aroostook  was  used.    These  railroad  cars  were  specially  built  for 
shipment  of  paper  during  the  summer  months  and  are  equipped  with  an  underslung 
heater  for  potato  shipments  during  the  winter  season.    The  first  test  indicated 
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that  the  common  practice  of  placing  two  layers  of  heavy  paper  over  the  floor  racks 
and  extending  up  the  side  walls  of  the  car  cut  off  all  circulation  of  heated  air 
under  the  floor  racks  (figure  LA) »    As  previous  studies  had  shown  that  adequate 
air  circulation  under  the  lead  was  necessary  to  prevent  freezing  along  the  bottom, 
it  was  decided  to  try  different  methods  of  papering  in  test  ¥0.  2  to  provide  for 
air  movement o    One  method  was  to  leave  a  2*  to  408  space  between  the  paper  on  the 
floor  racks  and  that  on  the  wall  (figure  3B)„    The  other  method  was  to  place  paper 
on  the  floor  under  the  racks  and  3  to  5  feet  up  the  side  walls  to  reduce  infiltra- 
tion of  cold  outside  air  through  the  car  structure •    The  floor  racks  were  covered 
with  papei"  (to  within  2"  to  4®  of  the  side  walls)  to  reduce  chafing  of  the  bags 
(figure  1C).    This  method  had  proved  effective  in  tests  made  with  potatoes  from 
the  Red  River  Talley  (H0To&S»  Office  Report  Ioc  274).    These  comparisons  were  re- 
peated in  Test  No,  3  except  a  50  Ibo  kraft  wrapping  paper  was  used  instead  of  the 
heavy  lining  paper  on  the  floor  and  it  was  lapped  only  6M  on  the  floor  instead  of 
completely  covering  it, 

The  cars  in  all  tests  were  preheated  by  lighting  the  heaters  at  northern 
Maine  Junction  18  to  24  hours  prior  to  their  loading  in  Aroostook  County^ 

The  list       test  cars  with  the  various  comparisons  of  services  and  equipment 
for  each  of  the  tests  is  as  follows t 

Test  No0  1  -  December  ,,  1952  -  Destination),  New  York 

Papering 

racks 

-  2  layers  on  floor/and  up  wall 
feet 


(Insulated  box  car) 
Teat  Ns,  2  °  January »  1953  -  Destination „  Pittsburgh 

Papering 

Regular  -  2  layers  on  floor  racks  lapped  up  side 

walls  3  to  5  feet 
Regular  except  2W  to  4ro  space  along  floor  at 
side  walls 

Paper  under  floor  racks  and  3  to  5  feet  up  wall 
(Also  paper  on  floor  racks  to  within  2W  to  4" 

of  the  side  walls) 
Same  as  A 
Same  as  B 
Same  as  C 

Regular  (Same  as  A)  (insulated  box  car) 

All  cars we re  non-fan  „ 


Gar  No„ 

Fans 

Heaters 

A 

-  BAR  7173 

Off 

Charcoal 

Regular 

3  to  5 

B 

-  BAR  y,k68 

On 

n 

Regular 

G 

-  BAR  7192 

Off 

Alcohol 

91 

D 

-  BAR  7264 

On 

R 

DO 

E 

-  BAR  2015 

None 

Under slung 

......      -81  • 

Oar  No.  Heaters 

A  -  MDT  5664  Charcoal 
B  -  MDT  5975  w 
0  -  BAR  6025  " 


D  -  MBT  <266  Alcohol 
E  -  BAR  6547  85 
F  -  BAR  6037  » 

&  -  BAR  2096  Underslung 
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Test  No.  3  z  February,,  1953  -  Destination,,  New  York 


Car  No. 
A  -  BAR  6724 
B  -  MDT  5540 
G  -  BAR  6211 


D  -  MDT  5209 
E  -  MDT  5309 
F  -  BAR  6101 
G  -  BAR  2278 


Heater 

Charcoal 
11 


Alcohol 

11 

Under slung 


Regular  -  2  layers  on  floor  rack  lapped  up  side 

walls  3  to  5  feet 
Regular  except  2  to  4M  space  along  floor  at 

side  walls 

Paper  under  floor  racks  and  3  to  5  feet  up  walls 
(Also  paper  on  the  floor  rack  to  within  2"  to 
419  of  the  side  walls) 

Same  as  A 

Same  as  B 

Same  as  C 

Regular  -  (Same  as  A)  (Insulated  "box  car) 


All  cars  were  non-fan . 

Test  Carso    It  was  desired  to  use  cars  in  the  tests  that  would  represent 
those  of  average  type  and  condition  used  in  the  regular  potato  movement*    In  test 
Ho.  1  in  order  to  get  fan  and  non-fan  cars  that  were  comparable  in  age,  condition 
and  insulation,  it  was  necessary  to  use  the  new  BAR  7000  series,  40  foot  end-hunker 
cars.    These  were  steel  cars  with  4  to  4  l/2n  of  insulation,  6"  floor  racks,  6" 
sliding  doors,  and  equipped  with  the  new  Preco  electric  overhead  bulkhead  fans. 
To  simulate  non-fan  cars,  the  fans  were  left  in  the  !,offM  position.    The  insulated 
box  car  used  in  all  the  tests  was  of  the  BAR  2000  series .    These  were  all  relatively 
new  and  were  steel  sheathed,  with  3  to  4M  of  insulation,  1™  side  wall  flues  and  2" 
end  wall  flues,  a  solid  false  floor  instead  of  floor  racks  for  jpaper  loading,  6! 
sliding  doors,  side  ventilators,  a    thermometer  for  indicating  top  and  bottom  air 
temperatures  at  the  doorway,  and  were  equipped  with  a  luminator  underslung  char- 
coal heater.    Inside  dimensions  were  9°  2!t  wide  by  40°  6M  in  length,  which  required 
a  slightly  different  loading  pattern  from  the  standard  40-foot  end  hunker  refrig- 
erator car  for  the  regular  36,000  lb.  load  normally  used  for  potatoes.    The  MDT 
5000  and  BAR  6000  series  were  older  cars,  many  having  been  rebuilt  a  number  of 
years  ago.    They  v/ere  standard  40-foot  end  bunker  cars  with  wood  sheathing,  2  to 
3"  insulation,  4"  wooden  floor  racks,  and  3  ft.  hinged  doors.    All  were  in  only 
fair  condition  and  were  not  equipped  with  air  circulating  fans  or  side  wall  flues 
or  racks. 


Heaters.    The  portable  charcoal  heaters  were  the  standard  14"  and  16"  Simplex 
holding  20  lbs.  and  40  lbs.  of  fuel,  respectively.    The  portable  alcohol  heaters 
iirere  Preco  model  GB  5»  thermostatically  controlled.    Fuel  capacity  was  5  gallons 
of  methanol  and  burning  was  controlled  by  thermostatic  action  which  raised  or 
lowered  a  snuffer  plate  over  the  burner  wick.    A  slot  cut  in  the  snuffer  plate 
permitted  a  small  flame  to  burn  while  the  plate  was  covering  the  wick  in  the  "off" 
position  thereby  acting  as  a  pilot.     The  thermostat  was  calibrated  from  30s  P.  to 
60®  in  2  l/2e  increments.    Fuel  level  was  indicated  by  a  dial- type  gage  that  could 
be  read  from  the  bunker  hatch. 
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The  Luminator  underslung  charcoal  heater  was  similar  to  those  used  in  previous 
tests  with  bananas  (l).    It  was  a  permanent  installation  on  the  BAR  2000  series 
insulated  "box  cars  and  consisted  of  a  firebox  mounted  under  the  car  floor  near  the 
doorway  and  contained  a  heating  coil  connected  to  a  single  pipe  coil  laid  under 
the  false  floor  of  the  car0    This  coil  was  laid  on  the  floor  approximately  1  foot 
away  from  the  side  and  end  walls  .    The  liquids  a  50  percent  solution  "by  volume  of 
water  and  a  permanent  type  anti-freeze,  was  warmed  in  the  firebox  coils  and  flowed 
by  convection  through  the  pipe  coil  and  back  to  the  heater.    Heated  air  from  the 
pipe  coil,  not  only  warmed  the  false  floor  but  rose  up  through  the  side  and  end 
wall  flues  to  the  upper  part  of  the  car,  thereby  warming  the  walls  and  affording 
added  protection  to  the  loado    The  firebox  holds  a  normal  charge  of  60  lbs0  of 
charkets  which  were  fed  into  the  heater  through  a  hinged  door  at  the  top.  Burn- 
ing rate  was  controlled  manually  by  an  adjustable  damper  with  eight  settings. 
The  fire  was  extinguished  by  setting  the  damper  at  the  zero  position  thus  shutting 
off  the  draft . 

A  portable  charcoal  heater  of  l6M  diameter  was  installed  in  the  B  end  bunker 
of  the  cars  prior  to  preheating  at  Northern  Maine  Junction,,  and  a  1W*  diameter 
heater  was  placed  in  the  opposite  bunker.    Both  heaters  were  lit  for  preheating. 
The  smaller  heater  was  not  refueled  and  usually  was  burned  out  in  2k  hours  after 
lighting  before  loading  was  completed.    Unless  unusually  severe  weather  is  en- 
countered this  heater  is  removed  from  the  car  on  return  to  Northern  Maine  Junction,, 
The  large  heater  is  refueled  either  at  loading  point  or  a  Oakfield  a  few  hours  after 
loading  is  completed  and  remains  with  the  car  as  far  as  heater  service  is  specified. 
Alcohol  heaters  were  installed  in  both  bunkers  for  preheating  with  the  thermostat 
set  at  ^5°       for  tests  1  and  2.    In  test  3»  it  was  set  at  60®  for  preheating  and 
then  back  to  ^5°  when  loading  was  completed.    Draft  setting  in  the  under  slung 
heaters  for  preheating  was  position  k  in  tests  No.  1  and  2  and  position  5  for  test 
3  until  loading  was  completed,,  after  which  it  was  re-set  to  k  for  the  duration  of 
the  heating  period.    Forty  lbs.  of  fuel  was  placed  in  the  heater  prior  to  light- 
ing and  the  heater  was  again  serviced  at  Oakfield  after  loading.    The  servicing 
of  all  the  heaters  was  at  regular  servicing  stations  and  was  done  generally  by 
the  regular  servicing  personnel  under  the  supervision  of  the  test  party.    Fuel  add- 
ed and  consumed  in  the  charcoal  heaters  was  estimated  on  the  basis  of  the  number 
of  20  lb.  bags  used  and  the  fuel  remaining  in  the  heater.    Alcohol  consumed  was 
based  on  fuel  gage  readings. 

Temperature  records.    Ten  commodity  and  two  air  temperatures  in  each  test 
car  were  obtained  by  means  of  electric  resistance  thermometers  which  were  installed 
in  the  cars  prior  to  pre-heating.    The  lead  from  these  thermometers  was  conducted 
to  the  outside  by  means  of  a  door-plate  and  temperatures  were  read  by  plugging  into 
an  instrument  on  top  of  the  car.    Readings  were  made  from  6  to  8  hours  apart  at 
terminals  and  other  places  where  the  train  stopped.    These  thermometers  were  placed 
in  the  following  positions  in  the  car  during  the  loading! 

(l)    H.T.&S  Office  Reports  Uos„  226,  241  and  264. 
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Pos  it-ion 


Designation 


Top  bunker  center-line,;,  head  and  rear 
Top  quarterlength  centerlane,  rear 
Top  doorway  centerline 

Bottom  "bunker  right  side  1/  (center)  Zj  head 
Bottom  "bunker  right  side  (edge)  2/  head 
Middle  quarterlength  centerline,  head 
Bottom  doorway  left  side 
Bottom  bunker  left  side  (center)  rear 
Bottom  bunker  left  side  (edge)  rear 
Top  doorway  cente-rline  -  air 
Bottom  doorway  centerline  -  air 


TBCL-H,  TBCL-R 

TQQL-fi 

TDCL 

BBRS-C 

BBRS-E 

MQPL-H 

BDLS 

BBLS-C 

BBLS-E 

Top  air 

Bottom  air 


Note  -  1/  Right  side  in  facing  forward  end  of  car 

2/  Center  -  thermometer  placed  in  potato  in  center  of  bag 

2.1  Edge  -  thermometer  placed  in  potato  next  to  outside  of  bag 


The  tv/o  air  positions  were  adjacent  to  the  top  and  bottom  bulbs  of  the  car 
thermometer  of  the  insulated  box  cars  and  were  similarly  placed  in  the  other  test 
cars  except  that  the  bottom  position  was  under  the  floor  rack  instead  of  just 
above  the  floor » 


Commodity  temperatures  were  taken  by  inserting  the  thermometers  into  potatoes 
located  in  the  center  of  the  bags  in  the  positions  indicated  above,,  except  two 
bottom  bunker  positions  in  which  an  outside  potato  was  used.    The  purpose  of  this 
was  to  determine  any  difference  between  the  tempera ture  of  potatoes  in  the  center 
of  the  bag  and  those  more  exposed.    Outside  air  temperatures  were  recorded  by  the 
test  party  at  frequent  intervals  during  the  transit  period. 


Loads  and  Loading  Methods 


Details  on  the  loading  of  the  test  cars  in  the  transportation  tests  are  found 
in  Table  No.  1.    These  include  cars8  loading  points  and  dates,  air  temperatures 
and  types  of  bags  and  loads.    Most  of  the  cars  were  loaded  over  an  interval  of  two 
days  as  the  cars  were  not  spotted  at  the  loading  sheds  until  after  noon0  Loading 
of  k  cars  was  completed  the  first  afternoon  and  the  balance  v/ere  finished  by  mid- 
morning  of  the  second  day.    All  papering  was  done  after  the  cars  were  spotted  and 
just  prior  to  the  start  of  the  loading  operations  (except  cars  C  and  E  in  test  3 
in  which  the  underneath  paper  was  applied  at  Northern  Maine  Junction) ,  and  was 
done  by  the  loading  crews  under  the  supervision  of  a  member  of  the  test  party. 
Vet.  and  dry  bulb  temperatures  were  obtained  before  the  car  was  opened  for  loading,. 
Because  of  the  mild  weather,  only  one  car  (in  test  3)  was  heated  by  a  supplemen- 
tary "salamander'1  heater  while  loading.    Belt  conveyors  and  wheelbarrows  v/ere  used 
to  move  the  bags  into  the  cars  from  the  shed.    A  canvas  or  burlap  tunnel  between 
the  car  and  shed  was  put  in  place  to  prevent  the  entrance  of  cold  air  during  loading. 

All  Of  the  bags  used  in  the  test  loads  were  paper  bags  and  included  5«  10,  and 
50  lb.  bags  and  10  lb.  bags  in  a  50  lb.  master  container.    The  5=  and  10-lb.  bags  had 
mesh  windows  DH  5ne  side.    Most  of  the  test  cars  used  the  load  recommended  by  the  Maine 
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Agricultural  Extension  Service,  in  which  all  bags  next  to  the  side  or  end  walls 
were  placed  with  the  ties  against  the  wall.    All  hags  in  the  first  stack  against 
the  bulkhead  were  placed  lengthwise  with  ties  to  the  bulkhead.    In  the  second  and 
succeeding  stacks,  two  bags  next  to  the  wall  in  each  layer  were  placed  crosswise 
with  ties  to  the  wall  and  the  rest  of  the  bags  lengthwise.    Bags  were  loaded  ties 
to  ties  and  butts  to  butts.    Bags  in  each  layer  were  staggered  against  the  wall 
where  space  permitted.    Most  stacks  contained  130  10-lb.  bags  or  48  50~lb.  bags, 
and  these  stacks  filled  the  car  all  the  way  to  the  doorposts,  with  the  doorway 
being  filled  with  bags  placed    crosswise  to  complete  the  load.    Standard  loads  of 
36,000  lbs.  were  used  in  all  oi  the  rei'rigerator  cars  except  two  which  were  load- 
ed to  40,000  lbs.  as  were  2  of  the  3  larger  insulated  box  cars. 

Routing.    The  3  transportation  tests  were  routed  as  follows?     Test  No.  1  - 
BAR,  MeG,  B&M,  NYNI&H.    The  test  cars  were  placed  during  the  morning  of  December 

12  and  after  loading  assembled  at  Presque  Isle  early  in  the  afternoon  of  December 

13  with  departure  at  3J00  P°m.  Total  elapsed  time  from  Presque  Isle  to  Hew  York 
(Oak  Point)  was  39  hours  and  45  minutes  of  which  20  hours  and  35  minutes  was  run- 
ning time  (51 08  percent)  and  19  hours,  10  minutes  standing  time.  Test  No.  2  was 
routed  BAR,  MeC,  B&M,  D&H,  Pennsylvania.  The  cars  were  placed  for  loading  about 
noon  on  January  19  and  departure  with  3  cars  was  made  from  Presque  Isle  at  0:55  p.m. 
January  20.  The  balance  of  the  carp  wvre  picked  up  at  Mapleton  en  route.  Total 
elapsed  time  from  Presque  Isle  to  Pittsburgh  was  85  hours  and  5  minutes  of  which 

41  hours  and  50  minutes  was  running  time  (49.2  percent)  and  43  hours  and  15  minutes 
was  standing  time.    Test  No.  3  was  routed  BAR,  MeC,  B&M,  NYNH&H.    The  cars  were 
spotted  for  loading  during  the  morning  of  February  17  and  loading  was  completed 
by  noon  of  the  following  day.    The  cars  were  assembled  at  Presque  Isle  with  depar- 
ture at  7^30  P«m.    Arrival  at  New  York  (Oak  Point)  was  on  the  second  morning  with 
a  total  of  38  hours  and  15  minutes  elapsed  time.    Twenty-three  hours  and  15  minutes 
(59 «3  percent)  was  running  time  and  16  hours  was  standing  timev  ar>  excellent 
record. 

Shipping  Tests.    In  order  to  obtain  additional  data  on  temperature  and  humidity 
conditions  in  commercial  loads,  a  series  of  12  shipping  tests  was  conducted.  A 
representative  of  the  Maine  Department  of  Agriculture  under  the  supervision  of  the 
Agricultural  Experiment  station  recorded  data  pertinent  to  the  loading  operation 
of  the  test  cars  including  commodity  and  air  temperatures  and  relative  humidity. 
These  cars  were  inspected  on  arrival  by  U.S.D.A.  personnel  and  arrival  condition 
of  the  load  as  well  as  commodity  temperatures  and  humidity  were  noted.  Inspection 
of  the  bags  was  made  for  wetness.    A  bag,  taken  from  the  middle,  quarter-length 
position,  was  removed  and  placed  in  moisture-proof  cellophane  and  sent  to  a  paper 
company  for  a  determination  of  moisture  and  basis  wei  ght.  1/ 

Results 

Weather.    Because  of  the  mildest  winter  in  many  years,  temperatures  were  con- 
siderably above  normal  during  the  periods  in  which  the  tests  were  run.  Outside 
air  temperatures  for  the  3  transportation  tests  are  shown  in  figure  2.    In  December, 


1/    The  weight  in  pounds  of  500  sheets  of  paper  24t!  x  j6n  or  3000  sq.  ft. 


temperatures  at  loading  were  between  28®  and  42°  F.  with  a  minimum  in  transit  of 
only  25°  and  an  average  of  J09o    Only  slightly  lower  temperatures  during  loading 
were  encountered  in  January,,    A  minimum  of  0°  was  reached  the  first  night  in 
transit  hut  the  range  for  the  balance  of  the  trip  was  from  25°  to  52° e    The  av- 
erage for  the  4-day  trip  was  again  around  30® o    February  loading  temperatures 
were  the  lowest  of  the  3  tests s  ranging  from  7°  to  28® „    Transit  temperatures 
were  also  lower  -  from  8°  to  38° ,  averaging       a    These  temperatures  were  much  too 
high  to  obtain  satisfactory  results  from  a  heater  test  and  resulted  in  very  small 
differences  between  the  various  test  carso    Also,  car  temperature  prior  to  pre- 
heating were  considerably  above  those  generally  experienced., 

Preheating  of  Cars.    The  lowest  car  temperatures  encountered  at  the  start  of 
the  pre-heating  period  were  in  the  middle  twenties  in  test  No.  2  and  were  much 
warmer  than  those  generally  prevailing  during  normal  winter  weather <>  However, 
there  were  some  striking  differences  in  temperatures  at  the  end  of  this  period 
between  the  charcoal  heaters  and  the  thermostatically  controlled  heaters  as  shown 
in  Figure  3  and  Table  2o    In  the  first  two  tests,  with  thermostats  set  at  ^5°  F., 
the  alcohol  heaters  brought  the  temperatures  up  quickly  to  around  55°  and  then 
leveled  off  by  thermostatic  action  while  the  charcoal  heaters  raised  the  top  air 
up  to  as  high  as  100°  in  some  cars,  with  an  average  of  97°  in  onee    When  the 
thermostats  were  set  at  60®  in  test  No.  3s  temperatures  were  from  10  to  20  degrees 
higher  and  apparently  had  not  leveled  off  by  the  time  loading  started,.    Car  fans 
were  of  some  benefit  in  preventing  overheating  with  charcoal  heaters  as  indicated 
in  table  2,  test  1  where  the  maximum  temperature  was  106°  in  the  nonHfan  car  and 
95°  in  the  fan  car.    The  under slung  heater  required  more  time  to  get  started  due 
to  the  necessity  for  warming  all  of  the  fluid  before  it  could  start  heating  the 
car „    The  results  showed  temperatures  comparable  to  the  alcohol  heaters  except 
in  test  3  where  it  appears  there  was  trouble  in  getting  the  heater  to  light »  In 
general,  under  the  conditions  which  existed  during  these  tests,  all  heaters  warmed 
the  cars  adequately  for  loading  with  some  excess  heating  by  the  portable  charcoal 
heaters.    The  effect  of  high  temperatures  from  excess  heat  is  further  discussed 
in  the  section  under  "Bag  Vetting™ „ 

Types  of  Papering.    Differences  in  commodity  temperatures  between  cars  using 
different  papering  methods  were  small  as  might  be  expected  when  so  little  heat  was 
required.    As  stated  before,  lack  of  circulation  of  heated  air  under  the  floor 
racks  may  permit  the  commodity  to  get  too  cold  in  the  bottom  layers o    While  the 
differences  were  not  great,  temperatures  were  lower  in  cars  in  which  paper  covered 
the  floor  racks  and  extended  up  the  sidewalls  than  they  were  in  cars  in  which  an 
air  space  was  left  along  the  sidewall  for  air  circulation.     (Figures  5  to  7) 
This  was  true  in  all  cases  with  the  exception  of  the  charcoal  heaters  in  test  2 
when  all  three  methods  gave  practically  the  same  temperatures  (figure  4)e    It  is 
expected  that  this  difference  would  be  even  greater  under  more  severe  weather 
conditions o    In  test  No.  2,  the  regular  extra  heavy  200-pound  lining  paper  was 
used  under  the  floor  rack  over  the  entire  floor  while  in  test  3s  a  36"8  50~pound 
wrapping  paper  was  lapped  under  only  6"  on  the  floor  and  30"  up  the  wall.  As 
shown  in  figures  6  and  7  this  lighter  paper  was  apparently  as  effective  as  the 
more  expensive  paper  as  its  sole  function  was  to  seal  off  any  possible  air  leaks 
through  the  car  structure  at  the  junction  of  the  floor  and  side  walls  and  the 
bottom  door  openings.    Some  shippers  lay  a  continuous  sheet  of  paper  or  car 
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padding  under  the  floor  racks  at  the  doorway  and  continue  it  over  the  door  open- 
ings«    This  is  probably  a  good  practice  as  the  doorway  is  likely  to  he  a  critical 
spot  with  respect  to  freezing. 

Car  Fans .    While  fan  cars  were  used  only  in  test  1,  in  which  all  cars  were 
papered  in  the  regular  method  with  floor  racks  covered  the  use  of  the  fans  result- 
ed in  more  uniform  potato  temperatures  throughout  the  cars  and  somewhat  higher 
"bottom  temperatures  than  were  obtained  in  non-fan  cars.    This  is  shown  in  table 
3  and  for  the  charcoal  heaters  in  figure  8.    It  can  be  noted  in  table  4  that  the 
bottom  layer  temperature  rise  of  the  2  cars  v/ith  fans  off  was  only  0°  and  1.5°  F. 
respectively ,  while  in  the  2  cars  with  fans  on  it  was  5»5®  and  3»7°.    Since  air 
circulation  is  important  in  equalizing  temperatures  and  preventing  the  bottom  of 
the  load  from  becoming  too  cold  v/ith  r  esultant  danger  from  freezing,  it  is  advis- 
able to  take  advantage  of  fan  operation  in  fan  cars. 

Heaters .    All  of  the  heaters  operated  satisfactorily  during  the  tests .  Com- 
plete data  on  fuel  consumption  may  be  found  in  table  4  which  also  gives  the  average 
top  and  bottom  potato  temperatures  at  origin  and  upon  arrival  at  destination  to- 
gether with  the  temperature  change  during  transit..    Most  of  the  time  that  the  heat- 
ers were  burning  during  the  3  transportation  tests,  heat  was  not  actually  needed 
because  of  high  outside  temperature.    However,  some  interesting  differences  between 
the  heaters  were  obtained.    In  order  to  compare  the  charcoal  and  alcohol  heaters, 
the  top  and  bottom  layer  potato  temperatures  in  cars  with  each  type  of  heater  were 
averaged  for  the  tests  and  are  presented  in  figures  9S  10,  and  11.    The  value  of 
thermostatic  control,  particularly  during  mild  weather,  is  clearly  shown  by  these 
curves 0    Top  layer  potato  temperatures  in  cars  with  portable  charcoal  heaters  were 
considerably  higher  than  in  those  v/ith  the  alcohol  or  underslung  heaters.  Bottom 
layer  temperatures  were  also  higher  but  to  a  much  less  degree.    The  spread  between 
top  and  bottom  layer  temperatures  v/ith  the  charcoal  heaters  amounted  to  as  much 
as  28®  FB  at  one  point  in  test  3»    Maximums  of  over  7^°  were  found.    The  maximum 
and  spread  between  top  and  bottom  layer  temperatures  were  less  for  the  alcohol 
heaters.    In  general,  the  best  temperatures  were  in  the  underslung  heater  cars* 
The  spread  between  top  and  bottom  temperatures  was  never  more  than  6°  and  the 
average  bottom  temperature  was  highest  in  2  out  of  the  3  tests.    In  considering 
the  temperatures  obtained  with  this  heater  it  should  be  noted  that  in  tests  2  and 
3,  the  insulated  box  car  in  which  the  heater  was  installed  had  more  insulation  and 
was  in  a  much  better  condition  than  the  other  test  cars. 

Fuel  consumption  of  the  heaters  for  each  test  is  given  in  table  k„  Total 
fuel  consumed  was  very  uniform  for  the  portable  charcoal  heaters  ranging  from  93 
to  111  pounds.    The  underslung  heater  used  from  80  to  130  pounds  of  charkets.  In 
the  first  2  tests  the  alcohol  heaters  used  7»6  to  11.1  gallons  of  alcohol.    In  the 
last  test  because  of  the  higher  thermostat  setting  they  used  more,  12.8  to  16.6 
gallons.    On  the  basis  of  cost  of  fuel  there  was  little  difference  between  any  of 
the  heaters  except  for  test  3  when  the  alcohol  heaters  burned  more  fuel  during  pre- 
heating v/ith  the  higher  thermostat  setting.    In  this  test  the  low  figure  for  pre- 
heating fuel  for  Car  E  was  due  to  the  thermostat  being  set  back  to  4-5°  after 
loading  on  February  17  while  Cars  D  and  F  were  not  loaded  until  the  next  day  which 
gave  another  2lV  hours  for  these  heaters  to  operate  at  the  60°  setting. 
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Bag  Wetting  and  Breakage,    While  wetting  of  bags  due  to  condensation  of 
moisture  in  the  air  has  "been  a  problem  in  the  shipment  of  Maine  potatoes,  most 
of  the  test  loads  arrived  in  good  condition,.    All  loads  showed  some  dampness  of 
the  bags  but  there  was  no  serious  breakage  of  bags  in  any  of  the  cars  with  the 
exception  of  one  in  which  the  load  had  shifted  considerably  due  to  rough  handling. 
Humidity  and  dew  point  determinations  were  made  of  the  air  in  the  cars  both  at 
loading  and  unloading  but  the  bag  condition  could  not  be  correlated  with  the 
measured  moisture  in  the  air.    In  the  shipping  tests „  table  5»  many  of  the  cars 
had  bags  with  a  moisture  content  above  10  percent  which,  according  to  one  bag 
manufacturer  is  above  the  design  factor  for  these  bagso    In  some  cases ,  even  the 
adhesive  started  to  loosen  up* 

Chafing  of  the  bags  was  probably  the  most  serious  trouble  although  in  most 
cars  it  was  of  minor  consideration,,    Side  wall  chafing  was  the  most  serious 0 
Where  bags  were  loaded  lengthwise  against  the  sidewalls,  the  greatest  damage  was 
done,  particularly  in  one  car  in  which  the  paper  lining  was  placed  only  part  way 
up  the  wall.    Floor  rubbing  was  next  in  importance    With  bags  loaded  with  ties 
against  the  wall,  there  was  less  chafing  than  when  the  side  was  against  the  wall 
but  even  here  there  was  some  chafing— in  some  cases  enough  to  wear  holes  in  the 
bags*    Chafing  between  bags  was  generally  very  slight* 

Undoubtedly,  excessive  moisture  in  the  bag  weakens  it  and  accelerates  the 
effects  of  chafing  and  rubbing.    One  source  of  this  moisture  is  that  deposited 
on  the  bags  by  condensation  when  the  temperature  of  the  bag  is  below  the  dew 
point  of  the  surrounding  air.    The  bag  temperature  is,  of  course,  determined 
largely  by  the  temperature  of  the  potatoes  inside  so  that  the  colder  the  potatoes, 
the  greater  the  likelihood  of  condensation  forming.    Cars  that  are  preheated  to 
very  high  temperatures  have  a  correspondingly  high  dew  point,  which  is  the  tem- 
perature at  which  the  moisture  in  the  air  will  start  to  condense.    Therefore,  more 
initial  condensation  may  be  expected  on  bags  loaded  in  cars  preheated  to  high  tem- 
peratures than  those  only  high  enough  to  overcome  the  danger  of  freezing  damage. 
The  car  air  even  at  high  dewpoints  contains,  at  any  one  time,  only  enough  moisture 
to  increase  the  moisture  content  of  the  paper  bags  by  about  0.5  percent.  However, 
it  is  likely  that  when  the  car  is  warmed  to  a  high  temperature  water  vapor  is 
continuously  given  off  to  the  car  atmosphere  by  the  walls,  floor  and  ceiling  of 
the  car.    Also,  the  combustion  of  fuel  in  the  alcohol  heaters  placed  in  the  bunkers 
contributes  water  vapor.    Another  source  of  moisture  is  from  the  potatoes  them- 
selves.    It  is  known that  in  1  week  they  can  give  off  as  much  as  2  percent  of  their 
weight  to  the  air  at  low  humidities.    Even  if  they  give  off  only  l/2  percent  of 
their  weight  this  amounts  to  180  pounds  per  car  which  if  it  were  all  taken  up  by 
the  bags  would  be  more  than  enough  to  result  in  a  very  high  moisture  content  of 
the  paper. 

Car  fans  should  be  of  great  help  in  drying  off  bags  that  have  become  wet 
during  or  after  loading  and  should  always  be  placed  in  the  ON  position  when  avail- 
able.   More  effective  use  of  the  fans  will  also  be  possible  by  papering  in  such 
manner  as  to  leave  space  for  air  to  circulate  under  the  floor  racks . 


-10- 


Eurther  study  will  be  necessary  to  determine  the  effect  of  high  car  tem- 
peratures at  loading  on  bag  wetting  and  the  value  of  better  air  circulation  in 
preventing  it. 

Summary 

A  series  of  3  transportation  tests  and  12  shipping  tests  involving  a  total 
of  33  cars,  were  conducted  during  December  1952,  January  and  February  1953s  to 
obtain  records  of  potato  temperatures  in  transit  in  cars  heated  with  portable  char- 
coal heaters,  thermostatically  controlled  alcohol  heaters,  and  underslung  charcoal 
heaters?  the  effects  of  different  types  of  papering  on  load  temperatures?  the  per- 
formance of  these  three  types  of  heaters  in  pre-heating  cars!  and  factors  involved 
in  wetting  of  bags  in  transit* 

Extremely  mild  weather  throughout  the  season  was  encountered  which  resulted 
in  little  need  for  heat  and  small  differences  between  types  of  heaters  and  methods 

of  cooling o 

All  heaters  raised  car  temperatures  satisfactorily  during  preheating  although 
excessively  high  temperatures  were  built  up  by  the  portable  charcoal  heaters* 

All  heaters  performed  satisfactorily  but  lower  and  more  uniform  temperatures 
were  maintained  by  the  underslung  heaters  than  by  the  charcoal  or  alcohol  heaters. 
High  temperatures  in  the  top  of  the  load  were  developed  by  the  charcoal  heaters 
and  thermostatically  controlled  alcohol  heaters  were  better  in  this  respect,  which 
is  an  advantage  in  mild  weather. 

The  operation  of  car  fans  resulted  in  more  uniform  temperatures  in  the  load 
regardless  of  method  of  papering  used. 

Higher  more  desirable  temperatures  were  obtained  in  the  bottom  of  the  load 
with  portable  heaters  when  an  open  space  of  2  to  k-  inches  was  left  uncovered  be- 
tween the  edge  of  the  paper  covering  the  floor  rack  and  the  sidewall  of  the  car 
than  when  the  floor  racks  were  sealed  off  completely. 

Yery  little  bag  breakage  due  to  wetting  of  the  bags  was  noted  and  there 
appeared  to  be  little  relationship  between  amount  of  breakage  and  car  temperature 
or  humidity » 
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Figure  2 


Outside  Air  Temperatures  For  Bach 
Transportation  Test 


°F 

50 
40 


Test  Uo.  1  -  To  Hew  York 


30 
20 


-*4  Pre"  U-Loj 
jheatingl 

iding>^ — 

-Transit  - 



ik_  ys. 

50 
40 
30 

20 
10 
0 


Dec.  11 

12 

13 

14 
Test  Uo. 

15 

2  -  To  Pi 

16 
fctsburg 

17 

~~*|  heating  (*"  105 

-  Transit  ■ 

iding 



\ 

A 

Jan.  18 

19 

20 

21 

Test  Ho. 

22 

3  -  To  He 

23 

w  York 

24 

25 

26 

HhePatSgKL°ading"+" 

■  Transit  — 

\ 

Feb.  16 


17 


18 


19 


20 


21 


22 


23 


24 


Figure  3 

Average  Car  Air  Temperatures  During  Preheating 
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Figure  9 


Average  Top  and  Bottom  Potato  Temperatures 
For  all  Heaters 
Test  No.  1 
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Figure  10 


Average  Top  and  Bottom  Temperatures 
For  All  Heaters  (Ave) 
Test  Hoc  2 


Figure  11 


Average  Top  and  Bottom  Potato  Temperature 
For  the  Average  of  3  Charcoal  and  3  Alcohol 
Heaters  and  the  Underslung  Heater 
Teat  Noo  3 
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